Summary This cross sectional study was performed to find the adequate amount and combination of dietary protein and energy for maintaining better nutritional status for stable non-diabetic maintenance hemodialysis (MHD) patients. The body composition including body fat, total body water, body cell mass and body protein were measured by multifrequency bioelectrical impedance analysis in 200 stable MHD patients without diabetes (124 men, 76 women). Dietary energy intake (DEI) and dietary protein intake (DPI) were assessed by a brief self-administered diet history questionnaire (BDHQ), the DPI value being confirmed by calculating the normalized protein equivalent of total nitrogen appearance (nPNA). The nutritional status and the body composition were compared among 4 groups of patients in each gender that were divided by the combination of DEI and DPI; high energy (HE)/high protein (HP), HE/low protein (LP), low energy (LE)/HP and LE/LP groups. The mean DPI ranged between 1.17-1.23 and 0.89-0.95 g/kg IBW/d in the HP and LP groups, respectively for both genders, and the mean DEI was 35-37 and 24-25 kcal/kg IBW/d in HE and LE groups, respectively. BMI and serum albumin concentration were not different among the 4 groups. Body cell mass index (BCMI) was maintained in the HE groups regardless of DPI, and it was significantly higher in the HE/HP group than in the LE/LP group. Multiple regression analysis also showed that the BCMI was more greatly affected by DEI than DPI. These results indicated that a DPI of 0.89-0.95 g/kg IBW/d could be sufficient for maintaining BCMI, if DEI is kept over 35 kcal/kg IBW/d in stable non-diabetic MHD patients. This DPI level is lower than the recommended DPI proposed by dietary guidelines in the US and Japan. Key Words maintenance hemodialysis patients, protein requirement, protein and energy intakes, bioelectrical impedance analysis, body composition Nutritional status is an important factor for prognosis of dialysis patients. There are various factors inducing malnutrition in dialysis patients, such as inflammation, various stimuli from dialysis, loss of protein and amino acids and complications of acute or chronic illnesses. Decreased protein or energy intakes are a primary issue for protein energy malnutrition (PEM) ( 1-4 ).
Nutritional status is an important factor for prognosis of dialysis patients. There are various factors inducing malnutrition in dialysis patients, such as inflammation, various stimuli from dialysis, loss of protein and amino acids and complications of acute or chronic illnesses. Decreased protein or energy intakes are a primary issue for protein energy malnutrition (PEM) (1) (2) (3) (4) .
Nutritional guidelines of the National Kidney Foundation Dialysis Outcomes Quality Initiative (NKF-DOQI) recommend a dietary energy intake (DEI) of 30-35 kcal/kg/d and a dietary protein intake (DPI) of at least 1.2 g/kg/d for maintenance HD (MHD) patients ( 5 ) . The Japanese Society of Nephrology also recommends a DEI and DPI of 30-35 kcal/kg/d and 1.0-1.2 g/kg/d ( 6 ), respectively. These values of DPI for MHD patients are considerably higher compared to those for general healthy populations, 0.8 g/kg/d in the United States ( 7 ) and 0.9 g/kg/d in Japan ( 8 ) . These recommendations are based on the evidence from N balance studies (9) (10) (11) (12) (13) and the relationships between DPI and morbidity or mortality ( 14 ) .
Most of the N balance studies were done with a relatively small number of patients, and some of them were done before the current dialysis techniques were established. Therefore, the DPI of 1.2 g/kg/d may be excessive for present MHD patients. High DPI in ESRD is reported to cause adverse effects such as uremic toxicity, hyperphosphatemia, hyperkalemia and metabolic acidosis ( 15 , 16 ) . Recent studies show that nutritional E-mail: ichity@u-shizuoka-ken.ac.jp status was well maintained even when the DPI is lower than that of the guideline (1.2 g/kg/d) (17) (18) (19) (20) .
Needless to say, an appropriate DPI requirement should be investigated under an adequate amount of DEI, because N balance is greatly dependent on the energy intake, and with low energy intake, N balance becomes negative (3, 21 ) . DEI has seldom been described, although there are many studies that have observed the relationships between nutritional intake and nutritional status in MHD patients. The foodrecording diary and the 24-h recalling methods are the generally known methods for dietary survey. However, in these methods intentional changes of dietary habits and under-or over-statement by the subjects often occur. They also have the problem of being time consuming. In this study, we performed a dietary survey by a brief self-administered diet history questionnaire (BDHQ) (22) (23) (24) to estimate the habitual dietary intake, which was less of a burden for the patients.
Body composition is the important parameter for estimation of somatic protein and fat storages. Recently, there were several reports about the relationship between body composition and mortality in HD patients (25) (26) (27) . Body analyzers for the diagnosis of DEXA and MRI are the most accurate. However, the cost is too high for their routine use. Furthermore, anthropometric measurements, such as arm circumference (AC) and triceps skinfold thickness (TSF), may have some error in the inter-and intra-variability among the examiners and the patients, especially in patients with edema whose fluid status is unstable ( 28 ) . Bioelectrical impedance analysis (BIA) is safe, easy to use and acceptable for dialysis patients, though it is also considered to be inadequate for patients with edema. The results by BIA are well correlated with those obtained by dual-energy X-ray absorptiometry (DXA) and deuterium oxide dilution (D 2 O) ( 29 , 30 ) .
The aim of this study was to find the proper combination and quantity of dietary protein and energy intake for improved nutritional status and body composition in stable nondiabetic MHD patients.
METHODS
Patients. From August to November 2002, 340 outpatients undergoing hemodialysis treatment for longer than 3 mo, and receiving MHD for 4 h, 3 times/wk at Kawashima Hospital (Tokushima, Japan) were enrolled into this cross-sectional study. After excluding patients inadequate for this study, the final number of subjects was 200 (124 males and 76 females). Exclusion criteria were diabetes mellitus, C-reactive protein (CRP) м 1.0 mg/L, and impaired hepatic function and other serious illnesses in high risk people. Patients who were using dialyzers with high protein leakages, were bed-bound, using a wheelchair, doing heavy labor or exercising regularly were also excluded. At the start of dialysis therapy, registered dietitians had educated patients to restrict their sodium chloride (~0.15 g/kg dry weight/ d), potassium (~1.5 g/d), phosphorus (~700 mg/d) and fluid intake, and to ingest 30-35 kcal/kg/d of energy and 1.0-1.2 g/kg/d of protein.
The Ethical Committee of The University of Tokushima approved this study, and informed consent was obtained from all the patients.
Anthropometric measurements. Body weight was measured before and after each dialysis session, and postdialysis body weight was defined as the dry weight (DW). Body mass index (BMI) was calculated as DW (kg) divided by the square of the height (m). Ideal body weight (IBW) was estimated from BMI 22 kg/m 2 ( 31 ). Changes in body weight ( ⌬ BW) were estimated as the difference of body weight at the end of the dialysis and before the next dialysis. The average value over 1 mo was used for analysis.
Biochemical indicators. Blood was collected before the first dialysis of the week for the measurement of serum biochemical indicators. It was also collected for the BUN analysis at the end of the first dialysis and at the beginning of next dialysis. During the interdialytic period all the urine was pooled.
Determination of dietary energy intake (DEI) and dietary protein intake (DPI). The dietary survey was performed for assessing DEI and DPI. The DPI was also estimated from the normalized protein equivalent of total nitrogen appearance (nPNA) calculated from the urea generation rate by the urea kinetic model. The BDHQ recently developed by Sasaki et al. was used for the dietary survey in this study. It was modified from the self-administered diet history questionnaire (DHQ) ( 32 , 33 ) , and contained 80 important foods and was designed to be completed within about 15 min. When the questionnaires were given to each patient, we explained how to fill them out at home. Unclear parts of the questionnaires were addressed and corrected by the interviewers who were well-trained dietitians. Nutrient intakes were calculated using an ad hoc computer program developed to analyze the questionnaire. DEI and DPI were normalized to DW and IBW.
The PNA is widely accepted as an indicator of DPI in stable MHD patients. In this study, patients with residual renal function were included. Therefore, PNA was estimated from the interdialytic accumulation of urea nitrogen in the body ( 34 ) and urinary urea nitrogen excretion. Urea generation rate (G) in grams per day was calculated by following equation:
in which V 2 is the volume of distribution for urea (0.58 ϫ body weight in kilograms); C 2 is the BUN concentration before dialysis in grams per liter; V 3 ϫ C 3 is the volume of distribution and BUN concentration immediately after dialysis in grams per liter; UUN is the urinary urea nitrogen in grams per liter; UV is the urinary output for interdialytic interval in liters and I d is the interdialytic interval in d. The protein catabolic rate (PCR) was estimated using the following formula ( 34 ):
We assumed this PCR as PNA and normalized PNA (nPNA) was estimated by dividing by the ideal body
weight. Kt/V, the efficiency of dialysis, was evaluated by the following equation ( 35 ) : Kt/V ϭϪ ln(Ce/Cs Ϫ 0.008 ϫ t) ϩ (4 Ϫ 3.5 ϫ Ce/Cs) ϫ UF/W in which Ce is the postdialysis serum urea nitrogen, Cs is the predialysis serum urea nitrogen, t is time of dialysis in hours, UF is the amount of ultrafiltration in liters and W is postdialysis body weight in kilograms.
Body composition. Body composition was measured by InBody 3.2 (Biospace Co., Ltd., Seoul, Korea), which is an eight-polar tactile electrode multi-frequency impedance meter (36) (37) (38) . The measurements were made within 15 min after hemodialysis at presumed dry weight. When the subject stands on the sole electrodes and grips the hand electrodes, segmental resistances of the right and left legs, trunk, and right and left arms were measured at frequencies of 5, 50, 250, and 500 kHz. With these data, body composition, i.e., intracellular fluid (ICF), extracellar fluid (ECF), protein mass (BP), mineral mass and body fat mass (BF), were calculated using equations from the software developed to analyze the InBody measurements. Total body water (TBW), body cell mass (BCM) and edema score were calculated as ICF ϩ ECF, ICF ϩ BP and ECF/TBW, respectively. TBW index (TBWI) (kg/m Statistical analysis. Statistical analysis was performed by using SPSS software (version 11.5J, SPSS Inc., Chicago, IL, USA) ( 39 ). Results were expressed as mean Ϯ SD or medians (95% confidence intervals). Comparisons between the genders were made by the unpaired Student's t -test. For the comparison of the groups based upon the protein and energy intakes, ANOVA or the Kruskal-Wallis test were used. Simple linear regression analysis and multiple regressions were used to assess the association of nutritional biomarkers or parameters of body composition with protein and energy intakes, by adjusting for age, HD duration and Kt/Vurea. Log-transformed values were used for analysis, when the continuous variables did not show normal distribution but showed log-normal distribution. A pvalue less than 0.05 was regarded as significant.
RESULTS
The causes of ESRD were chronic glomerulonephritis (97 patients), toxemia of pregnancy (10 patients), nephrosclerosis (5 patients), polycystic kidney disease (4 patients), chronic pyelonephritis (3 patients), unknown (54 patients), and other (27 patients). Clinical characteristics and body composition of the subjects are shown in 2 for female). The serum albumin concentration was close to the standard value for HD patients (3.9 Ϯ 0.3 g/dL). Significant differences were not observed between male and female in weight gain ratio ( ⌬ BW), DEI, DPI, serum albumin, triglycerides, serum potassium, serum phosphorus or edema score levels. BF (%) was 21.4% (11.1-39.6%) in male and 25.7% (14.0-46.9%) in female; both values were proper levels for Japanese over 30 y old (17-23% for male, 20-27% for female). BPI was 4.12 Ϯ 0.49 kg/m 2 in male and 4.00 Ϯ 0.40 kg/m 2 in female. Height, DW, BMI, TBWI, BCMI and BPI levels were significantly greater in male than in female, whereas duration of HD, Kt/Vurea, total cholesterol, HDL cholesterol, BF (%) and BFI levels were significantly greater in female than in male.
Both DEI and DPI showed significant linear regressions to BFI, BCMI and TBWI, respectively, for both male and female in simple regression analysis. Consequently, the independent contributions of DEI and DPI (energy adjusted nPNA) to BFI (Table 2 ) and BCMI (Table 3) were assessed by multiple regression analysis adjusted by age, HD duration and Kt/V. The definite dietary predictor for BFI was not found in these subjects (Table 2 ). In contrast, BCMI seemed to be significantly affected by DEI in both male and female, while the contribution of DPI for BCMI was shown only in female (Table 3) There were no significant differences in the average age, duration of dialysis, weight gain ( ⌬BW) or Kt/ Vurea among the 4 groups for male or female. Serum biochemical indices, except total cholesterol level for female, were not significantly different among the groups. BMI in both male and female showed no significant differences among the 4 groups either. However, in the multiple BIA data, BCMI was significantly lower in the LE/LP group than in the HE/HP group for both male and female (pϽ0.05). Additionally, in HE/LP, another low-protein group, BCMI was similar to the HE/HP group. On the other hand, the BCMI of the LE/ HP group tended to be lower despite the high level of DPI. That is to say, BCMI was maintained in the HE groups regardless of DPI. Body fat (%) and BFI for LE/LP group were significantly higher than in the two highenergy groups (HE/HP, HE/LP) for male, and those for female were significantly higher than in the HE/HP group.
DISCUSSION
The main finding of our study was the non-significant differences in body composition and serum biochemical indicators between a DPI of 1.2 g/kg/d and 0.9 g/kg/d when the DEI was approximately 35 kcal/ kg/d. We divided the stable MHD patients into 4 groups in each gender according to their mean DEI and DPI, i.e., HE/HP, HE/LP, LE/HP and LE/LP groups. BCMI was significantly lower in the LE/LP group than in the other groups, although BMI in both male and female were not different among the 4 groups. On the other hand, BCMI of the HE/HP group and the HE/LP group were maintained when DEIs were similar to the recommended 35-37 kcal/kg IBW/d by NKF-K/DOQI and the Japanese Society of Nephrology. When DEI was as low as 25 kcal/kg IBW/d, BCMI tended to be lower even if DPI was at a high level (1.2 g/kg IBW/d), although the difference was not statistically significant. From these results we concluded that when the energy intake was as high as 35 kcal/kg IBW/d, a DPI of 0.9 g/kg IBW/d is sufficient for the stable non-diabetic MHD patients. This DPI is lower than that recommended by NKF-K/DOQI and the Japanese Society of Nephrology. Recently the appropriate DPI level has been studied intensively. Ohkawa et al. (20) showed that midthigh and abdominal muscle areas measured by computed tomography increased by increasing the DPI from less than nPNA of 0.7 g/kg/d to 0.9-1.1 g/kg/d and reached a plateau at greater than 0.9 to 1.1 g/kg/d. Acchiardo et al. (14) reported that the patients with a PCR of 0.63 g/kg/d and 1.8 mmol/L BUN had high morbidity, mortality and incidence of pericarditis, whereas those with a PCR of more than 0.93 g/kg/d and 2.1 mmol/L BUN showed neither adverse effects nor morbidity or mortality. Kloppenburg et al. (19) found that the high protein diet and/or high dialysis dose induced unfavorable effects on the nutritional status for the MHD patients and concluded that a DPI of 0.9 g/kg IBW/d at a regular dialysis dose was sufficient.
These researchers suggested that the proper amount of DPI should be lower than that recommended by the current guidelines. However, they have not evaluated DEI in their studies. When the appropriate nutritional intake is discussed, it is necessary to examine not only DPI but also DEI at the same time, because N balance is greatly dependent on the DEI. In this study, we examined DEI at two levels; high (35 kcal/kg IBW/d) and low (25 kcal/kg IBW/d). We performed a dietary survey by using the BDHQ, which is the simplified method of DHQ to reduce the burden on the subjects. We evaluated BDHQ as highly reliable from the fact that the protein intake estimated by this method and by nPNA was similar. For this reason, we concluded that our results for DEI are reliable. As a result, nutritional status showed no difference between a DPI of 0.9 g/kg IBW/d and 1.2 g/kg IBW/d, when sufficient energy was administered (35 kcal/kg IBW/d). Besides, BCMI was lower in the low energy groups (25 kcal/kg IBW/d) even if a sufficient amount of protein was administered. An appropriately high DEI seemed to be a much more important factor, though resting energy expenditure (REE) of CRF patients was reported to be either low (40) , similar (41) or high (42) as compared with normal people. Hence, observation of DEI for CRF patients must be necessary. Davies et al. (43) reported the nutritional status was improved in malnourished peritoneal dialysis patients when DEI and DPI were approximately 37 kcal/kg/d and 0.9 g/kg/d, respectively. Slomowitz et al. (12) showed that when the DPI was constant (1.13Ϯ0.02 g/ kg/d) and the DEI was at high levels such as 35 kcal and 45 kcal/kg/d, BW increased and DEI was correlated with N balance, plasma amino acid, BW, mid-arm circumference (MAC), mid-arm muscle area (AMA) and body fat. However, when the DEI was 25 kcal/kg/d, N balance was negative. They also reported that the energy intake estimated from regression equations to maintain nitrogen balance was 38 kcal/kg/d. The study of Slomowitz et al. is now the supporting evidence for the DEI guidelines of the NKF-K/DOQI. These reports support our finding that a DPI of 0.9 g/kg IBW/d may be sufficient when DEI is at least 35 kcal/kg IBW/d.
The body components, particularly body protein and BCM, reflect well the somatic protein compared with serum albumin (20, 29, 44) . We also found BCMI most strongly reflected the DEI and DPI. LBM or the fat free mass includes the skeleton and the very large volume of water outside of cells, while BCM contains no fluids other than its intracellular water, indicating that LBM is clearly different from BCM (45) . BCM is a sensitive tool which can monitor the changes of the body protein status and the muscular mass even in patients with the disease (46, 47) . Ishimura et al. (48) suggested that the body fat mass is a more useful nutritional parameter than the lean body mass (LBM). However, in our research the nutritional intakes did not correlate to the LBM index (LBMI), but correlated to BCMI. In addition, our data showed that the body fat was higher in the LE/ LP group than in the HE/HP group, which looks contradictory to our general knowledge. Some factors could be considered regarding this result. We did not observe a difference in BMI among the 4 groups in either gender. As for the reason, we are thinking that the patients of the LE/LP group had low energy metabolism so even such low energy intake was more than enough for them. There is no room for argument that physical activity is a very strong factor that affects the body composition, and in our daily life it is often stronger than DEI or DPI (49, 50) . In this study we could minimize the remarkable difference in physical activity among the 4 groups by excluding the patients with extremely low (bed-bound, hospitalized, wheelchairbound) and high activity (regular heavy labor and exercise). However, relatively small differences of energy expenditure and its effect on body composition were not measured. This was one of the limits of this study.
When we compared the serum albumin and other biochemical indices among the 4 groups, except for minor exceptions they were not significantly different. Serum albumin and total cholesterol were not as low as the ranges assumed to be a good prognosis for MHD patients (sAlb; 4.0-4.5 g/dL, TC; 5.2-6.5 mmol/L). Thus, serum albumin did not reflect the difference between DEI and DPI. Similar results had been reported in some other studies (22, 24) . It is well known that a chronic inflammation strongly affects the nutritional status of an ESRD patient (42, (51) (52) (53) so that there is potentiality an influence from chronic inflammation, though we excluded the patients with comorbid disease and a CRPм1.0 mg/L.
In summary, there were no significant differences in body composition between DPI of 1.2 g/kg IBW/d and 0.9 g/kg IBW/d when the DEI was approximately 35 kcal/kg IBW/d. When the energy intake was as high as 35 kcal/kg IBW/d, a DPI of 0.9 g/kg IBW/d should be sufficient for stable non-diabetic MHD patients. Hence, it might be necessary to assess the DEI of each patient for adequate DPI in order to avoid malnutrition and to prevent the adverse effects of excessive protein intake.
